All reagents were used as received, and the solvents were dried over molecular sieves and purged with high purity argon for 30 minutes before use. Germanium (II) diiodide (GeI 2 ), was purchased from Gelest Inc. Tin (II) bis(trimethylsilyl)amide (Sn(HMDS) 2 , ≥ 99.0%), bis(N,N'-diisopropylacetamidinato) tin(II), Sn(DIPAA) 2 and oleylamine (OLA, ≥80-90.0%) were obtained from Sigma Aldrich Chemical Co and Acros Organics. 2M n-butyllithium solution in cyclohexane, anhydrous hexane and anhydrous methanol were purchased from Sigma Aldrich Chemical Co.
hexane and the solution was loaded into 0.7mm boron glass capillaries for measurements. PDXL v2.0 and NANO-Solver v3.5 software packages from Rigaku were used to process the powder XRD and SAXS data, respectively. SAXS data were modeled as Gamma distribution of spherical particles with normalized dispersion, , referred to as 'size distribution' throughout the rest of the text: [%]=(⟨R 2 ⟩/⟨R⟩ 2 ) 1/2 100%. XPS measurements was performed using a Kratos Axis Ultra DLD instrument with base pressures less than 5 · 10 -9 Torr. Samples for XPS were mounted onto a sample holder in a glove box and briefly (< 5 sec.) exposed to air in transfer from the glove box to the instrument. XPS was performed with a monochromatic Al Kα (1486.7 eV) source operated at 150 W with an elliptical spot size of 300 x 700 microns. Survey spectra were recorded with an 80 eV pass energy, 600-700 meV step sizes, and 100 ms dwell times. High resolution spectra were recorded with a 20 eV pass energy, 50 meV step sizes, and 100 ms dwell times. Charge neutralization was used for all samples to reduce differential charging effects. Data processing was performed with CasaXPS Version 2.3.15. Spectra were adjusted to align the C 1s peak to 284.6 eV. Sn 3d peaks and Ge 3d peaks have been normalized and smoothed to allow for direct comparison between samples. A linear background was applied to the Sn 3d 5/2 peak and the Ge 3d peak. Absorption measurements were carried out using a Cary 6000i dual-beam UV-Vis-NIR spectrometer. PL spectra were taken using a homebuilt setup: excitation from an 808 nm laser was mechanically chopped, and emission was analyzed using a grating monochromator and a LN 2 -chilled InSb detector using lock-in amplification.
Proton decoupled 119 Sn NMR spectra were acquired using Anasazi EFT 90MHz instrument with the reference 119 Sn frequency (0 ppm) set at 33.66574 MHz. Samples were dissolved in pure oleylamine. The acquisition time of 5000 scans, the relaxation delay, and the pulse width were set to 0.14ms, 0.20ms, and 10s, respectively.
Theoretical assessment
In order to gain insights into the possible mechanism for the suppression of Sn-Ge phase separation in formed nanoparticles, we have performed preliminary molecular dynamics (MD) simulations based on 
Synthesis of Sn x Ge 1-x Nanocrystals via injection method
In a typical reaction, a 3-neck round bottom flask containing 5 mL of oleylamine was degassed under vacuum and back filled with N 2 for three times. The flask was heated to a target growth temperature (between 210 o C and 280 o C) at which 60 L of 2M n-BuLi cyclohexane solution were injected and followed by 1 mL oleyamine solution of GeI 2 (0.2 mmol) and a varied amount of Sn(HMDS) 2 or Sn(DIPAA) 2 were swiftly injected. the reaction mixture was held for a period of up to 1 hour before the reaction was quenched by the removal of the reaction flask from the heating mantle.
The NCs were collected via precipitation by addition of methanol, followed by centrifugation and redispersal in hexane.
Sulfur overcoating on Sn x Ge 1-x Nanocrystals
In a 3-neck round bottom flask containing 6 mL of Sn x Ge 1-x nanoparticle parent solution was degassed under vacuum and back filled with N 2 for three times at 100 o C. 2 mL of 10 mM S/OLA solution was introduced into the Sn x Ge 1-x nanoparticle solution gradually (0.5 mL/h) using syringe pump at 180 o C and particles were cleaned using hexane and methanol after sulfur overcoating. The 119 Sn NMR was used to assess the possibility of a mix-metal complex formation upon mixing of Sn and Ge precursors as recently it was proposed that combining tin(II) and germanium(II) complexes of HMDS in dodecylamine (DDA) leads to the formation of binary cubane-like imides Sn x Ge 4-x ( 3 -L) 4 (L=C 12 H 25 N). [30] Although our assessment of the reported system by means of 119 Sn NMR did not reveal the formation of mix-metal cubanes at Sn:Ge ratios up to 1:8, larger amounts of Ge(HMDS) 2 indeed led to the formation of Sn 3 Ge( 3 -L) 4 (L=C 12 H 25 N). We believe that a similar process occurs upon mixing of Sn(HMDS) 2 (or Sn(DIPAA) 2 ) with GeI 2 in OLA.
Although 119 Sn resonances in toluene solutions of Sn(HMDS) 2 and Sn(DIPAA) 2 possess drastically different chemical shifts (+678ppm and -252ppm for Sn(HMDS) 2 and Sn(DIPAA) 2 , respectively), the dissolution of both precursors in neat OLA produces the singlet in 119 Sn NMR spectrum at +644ppm ( Figure S3 ), which can be attributed to the formation of homometallic Sn 4 ( 3 -L) 4 (L=C 18 H 35 N), the assignment that is also supported by the observation of septets in 1 H NMR spectra in accordance with previous observations. [30] Introduction of GeI 2 to the tin precursor solution in OLA leads to the disappearance of the cubane signal and the appearance of a new singlet upfield at +260ppm or +300ppm (for the solution with Sn(DIPAA) 2 or Sn(HMDS) 2 , respectively). Increase in the amount of GeI 2 added to tin beyond Ge/Sn=2:1 ratio eventually leads to the disappearance of the singlet and increase in resonance at -370ppm, which is close to the signal of pure SnI 2 in OLA (-364ppm). The latter appeared to be stable even after heating to 200 °C. Distribution of size+composition combinations achieved for SnxGe1-x nanoparticles synthesized via the slow heating (blue squares) and hot injection (red circles) methodologies (precursors ratios, temperatures and reaction times varied). As can be seen, the achievable variation for either method is quite broad, and either can be used for nanoparticles containing 10-40% tin (purple shading), but slow heating is best for even lower contents (blue shading), and the hot-injection method is uniquely capable of producing higher tin contents (red shading). Samples were held for 10 min at each temperature. There is an apparent stability of d(111) value characteristic of alloy at 500 o C in S-coated particles as opposed to not treated particles, where d(111) value is equal to that of pure germanium.
